assembly are still incomplete. Moreover, all these studies were performed on entire ovary or 1 0 5 follicles so that the contribution of each cell type to the transcriptomes was not distinguishable. The recent advent of single-cell RNA-seq (scRNA-seq) technologies make it possible to identify reproductive organs (Stévant, Kühne et al., 2019 , Stévant & Nef, 2019 . In the present paper, in order to achieve such goals mainly focusing on PF assembly in the 1 1 0 6 mammalian ovary, late fetal and early post-natal mouse ovaries were subjected to scRNA-seq 1 1 1 analyses. The results of such analyses and the bioinformatics elaboration reported here will 1 1 2 certainly be useful to elucidate the molecular control underlying PF assembly and select 1 1 3 candidate regulatory factors for further investigation. To trace the distinct cell lineages and characterize the gene expression dynamics of ovarian cells 1 1 9
during the crucial period of ovarian development lasting from late fetal and early post-natal age, 1 2 0 ovaries were collected from E16.5, PD0 and PD3 mice and subjected to immunohistological and 1 2 1 scRNA-seq analyses. As expected, immunohistological sections showed that the germ cell nests Ovarian cell populations were then prepared, and barcoded following single cell capture, 1 2 5 and RNA sequenced ( Figure 1C ). High-quality cells were 11,526 in E16.5, 5,466 in PD0 and 1 2 6 5,962 in PD3, and the mean number of genes expressed in each sample was 1,781, 2,916 and 1 2 7 2,832, respectively. According to t-SNE (t-distributed stochastic neighbor embedding), they were 1 2 8 grouped in 19, 13 and 14 clusters, at E16.5, PD0 and PD3, respectively ( Figure 1D ). When the 1 2 9 cell clusters of the three developmental stages were grouped, six cell types were identified 1 3 0 ( Figure 2A) that, according to the distinct genome signatures, could be subdivided as follows: 1 3 1 germ cells distributed in six distinct clusters (3, 6, 7, 15, 16, 19) , granulosa cells in six distinct 1 3 2 7 clusters (1, 4, 5, 8, 12, 14) , epithelial cells in three distinct clusters (0, 9, 13) , erythrocytes in 1 3 3 three distinct clusters (2, 10, 20) , immune cells in two distinct clusters (17, 18) and endothelial 1 3 4 cells only in one cluster (11) (Figures 2B and 2C ). The expression of representative genes and 1 3 5 other genes known to be specific for each cell type were reported for each cluster as dot plots in 1 3 6 Figure 2D . In Figure 2E , the percent changes within the ovarian populations of the six identified 1 3 7 cell types, during the analyzed developmental period, were reported. In particular, it can be 1 3 8 observed that germ cells underwent a percent increase from E16.5 (17.8 %) to PD0 (54.4 %), and 1 3 9 a rapid decrease at PD3 (6.8 %), while granulosa cells represented about 40% at E16.5, 20% at 1 4 0 PD0 and again at around 40% at PD3. The detailed identification of germ cells at each stage by Ddx4 and Dazl expression is all ovarian cell populations. In this regard, our analyses were able to identify six distinct cell Based on the expression of known cell lineage and developmental stage-specific genes, we 3 4 6 generated ten different gene clusters for germ cells, four at E16.5, five at PD0, and one at PD3. According to this analysis, a genetic dynamic model, including pre-, early-and late-follicle 3 4 8 stages of germ cell development and the percent changes of each cell types at these stages were lesser extent Dppa3, were expressed in most of the clusters though at a higher level at early 3 5 1 developmental stages. Genes known to be related to meiotic processes such as Prdm9 (histone replaced with that of a spectrum of cell states, which are modified by the local microenvironment 3 9 7
and produce additional layers of stochastic cell-to-cell variability. The majority of cells at pre-3 9 8
follicle stage belonged to states 1 and 2, while those at early and late follicle stages were in states 3 9 9
3, 4 and 5. Along such pseudotime trajectories, two branch points were identified. Point 1 at 4 0 0 which the majority of cyst germ cells were at state 2 (except a small population remaining remodeling, meiotic cell cycle regulation and organelle fission. The same bioinformatics analyses together with enriched KEGG analysis, performed on the 4 1 9
four cluster genes identified at the bifurcation of follicular oocytes at state 3 between state 4 and 4 2 0 5 at branched point 2 ( Figures 5A and B) , support the notion that it might be due to the early 4 2 1 follicle dynamics characterized by the establishing in the mouse ovary of populations of dormant 4 2 2 primordial follicles in the cortex and activated follicles in the medulla and a consistent wave of 4 2 3 oocyte degeneration (Wang et al., 2017 , Zheng et al., 2013 , Zheng et al., 2014 . It is possible to and FOXO3 in a limited period of PD0 ( Figure 6 ). and three states ( Figure 7B ). As for germ cells, the expression of genes known to be expressed by Inha and Hsd3b1 required for steroidogenesis (Stévant et al., 2019) . For further characterization 4 5 0 of the granulosa cell lineage dynamics, the genes of the three states were divided in four clusters WNT and FoxO terms as well as that of the proteosome were highly enriched ( Figure S5E ). KEGG on cluster 2, showed that PI3K-Akt and MAPK, and to a lesser extent Rap1 and Hippo 4 5 8 terms, were among the most represented signaling pathways in pre-granulosa cells together to ( Figure S5F ). and glutathione synthesis were more represented in granulosa cells and ribosome biogenesis in Foxo1 and Foxo3 were present in post-natal oocytes, Cdkn1b was expressed at a higher level in 4 7 8 granulosa cells at PD3 and autophagy related genes (Gabarapl1, 2, Map1lc3b and Bnip3) were and the presence of a vaginal plug in the morning of the following day was considered as E0.5. Embryonic and postnatal ovaries were dissected from E16.5 embryos and pups at postnatal day 0 4 9 8 (PD0) and 3 (PD3), respectively. To obtain single cell populations, isolated ovaries were cut into small pieces and incubated after staining in 0.4% Trypan Blue was above 80%. in emulsion generated by using Single Cell 3' Library and Gel Bead Kit V2 (10 × Genomics Inc., The cell ranger count pipeline (version 2.2.0) were applied to the produced data to map mouse 2018). The Seurat object was created based on two filtering parameters of "min.cells=5" and 5 1 6 "low.thresholds=500", followed by the data normalize and scale, the multiple samples were "orderCells" were carried out to generate the cell trajectory based on pseudotime. Particularly, 5 2 3 the state 2 cell was considered as soot state. In addition, the "BEAM" function was used to 5 2 4 calculate the differentially expressed genes at branch point in the trajectory and gene with qval < 5 2 5
1e-4 showed with heatmap, expression kinetics of top six genes in each cluster were displayed 5 2 6
with 95% confidence interval.
2 7
The regulon activity of transcription factors with SCENIC 5 2 8 2 5
Following the standard pipeline, the gene expression matrix with gene names in rows and cells in 5 2 9
columns was input to SCENIC (version 0.9.1) (Aibar et al., 2017). The genes were filtered with 5 3 0 default parameter and finally 9,437 genes available in RcisTarget database, the mouse specific 5 3 1 database (mm10) that default in SCENIC. The co-expressed genes for each TF was constructed 5 3 2 with GENIE3, followed by spearman correlation between the TF and the potential target, then 5 3 3
the "runSCENIC" procedure help to generate gene regulatory network (GRN, also termed 5 3 4 regulons). Finally, the regulons activity was analyzed by AUCell (Area Under the Curve), whose Immunohistochemistry was performed as previously described (Wang, Yu et al., 2018) . Ovarian thickness were blocked at room temperature for 30 min after gradient rehydration and antigen 5 5 0 2 6 retrieval, and incubated with the germ cell specific MVH antibody (Abcam, ab13840, USA) 5 5 1 overnight at 4 °C. Followed with three wash in TBS, the sections were incubated with secondary 5 5 2
antibodies of FITC-labeled goat anti-rabbit IgG (H+L) (Beyotime, A0562, China) for half an 5 5 3
hour at 37 °C. Eventually, after TBS washes three times, slides were counterstained with 5 5 4
propidium iodide (PI, Sangon Biotech, E607306, China) for 3 min and sealed, the pictures were 5 5 5
taken with a fluorescence microscope (Olympus, BX51, Japan). Double immunostaining was 5 5 6
performed with MVH antibody from mouse (Abcam, ab27591), rabbit HSPB11 (15732-1-AP,
Proteintech, USA), G3BP2 (A6026, ABclonal, USA), XDH (55156-1-AP, Proteintech), WNT6 5 5 8
(24201-1-AP, Proteintech) and LRP6 (A13324, ABclonal) antibodies, followed by secondary 5 5 9
antibodies of CY3-labeled goat anti-mouse IgG (H+L) (Beyotime, A0521) and goat anti-rabbit Results data as mean ± SD were obtained from three independent experiment. The statistical 5 6 4
analysis was performed with GraphPad Prism software (version 5.0), and the significant 5 6 5
difference was determined with two-tailed student's unpaired t-Test. Significant and highly 5 6 6 significant difference were set at P < 0.05 and P < 0.01, respectively. Taishan Scholar Construction Foundation of Shandong Province. the experiments. All authors reviewed and revised the manuscript. The authors declare no conflicts of interest. The accession number of ovarian single-cell RNA sequencing data reported in this paper is 5 8 3
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